BK virus (BKV) load in urine alone or in combination with acute graft-versus-host disease (GVHD) was correlated to development of hemorrhagic cystitis (HC). BKV load in combination with acute GVHD discriminated the best, while BKV and viral load alone, but not GVHD, still showed predictive ability for HC.
BK virus (BKV) infection usually occurs in childhood and results in viral latency (11, 13, 20) . BKV reactivation in hematopoietic stem cell transplant (SCT) patients has been suspected to be associated with late-onset (Ͼ2 weeks post-SCT) hemorrhagic cystitis (HC) (1, 2, 5) . HC can occur as microscopic hematuria (grade I) or as gross hematuria with clots and urinary tract obstruction (grades II to IV) and may cause significant morbidity (6) . Nevertheless, the incidence of HC in SCT patients is reported to be 5 to 40%, while BK viruria after SCT is detected in 50 to 100% of the patients (2, 4, 12, 17, 21, 23) . Thus, BKV infection alone is not sufficient for inducing HC, and additional factors are necessary to predict patients at risk for HC. Acute graft-versus-host disease (GVHD), conditioning regimens, primary BKV infection, and specific BKV subtypes, including C3G mutations in the Sp1 transcription factor binding site, have been suggested to contribute to the development of HC (6, 9, 10, 15, 17, 18) . However, it has been recently shown that SCT patients with HC excrete a significantly higher BK viral load in the urine than patients without HC (4, 7, 17) . Nonetheless, wide individual variations in BKV load are observed among both HC and non-HC patients (19) . In this pilot study, urine samples were collected from SCT patients at different time points after transplantation to determine the temporal relationship between HC and BK viruria, viral load, GVHD, and conditioning regimen. Information on the patients' clinical courses was collected retrospectively.
Thirty-one allogeneic hematopoietic SCT patients, 18 children and 13 adults, who consecutively received transplants at Huddinge University Hospital during 2002 and 2003 and who volunteered were included in this study (conducted according to ethical permission 433/98 from Karolinska Institutet). In total, 127 urine samples (1 to 28 samples/patient) were collected 1 week before to 12 months after SCT. Six patients had a documented episode of HC, and grading was applied according to the method of Bedi et al. (6) . Patient diagnosis, sex, conditioning regimens, presence and grade of acute GVHD (22) , and HC and BKV status were investigated. Urine samples were tested for BKV DNA by a nested PCR (8, 14) , and all BKV-positive samples were tested for BK viral load (number of BKV copies per microliter of urine) by a quantitative realtime PCR (Q-RT-PCR) (19) . Statistical calculations were made by chi-square exact testing.
BKV DNA was detected by nested PCR and Q-RT-PCR in the urine samples of 16 of 31 (52%) SCT patients, and 6 of these patients, all BKV positive, developed HC (Table 1) . For one HC patient, samples were not available from the period before the onset of or during HC, but BKV DNA was detected in a sample taken after resolution of HC. All 5 of the remaining 5 HC patients had BK viruria before onset of HC, compared to 10 of 25 non-HC patients, indicating that BKV DNA (detected by nested PCR) in the urine of HC patients before the onset of HC is more common than BK viruria in non-HC patients (P ϭ 0.04). However, detection of BKV in the urine of immunosuppressed patients is a common sign of BKV reacti- 6 BKV copies/l of urine 2 to 13 days before HC onset compared to 3 of 25 without HC (P ϭ 0.01) ( Table 1 ). The fifth HC patient had two BKVpositive samples before HC onset, which not could be evaluated by Q-RT-PCR. The following sample collected during HC had Ͼ10
6 BKV copies/l of urine. Thus, viral load may be more useful in clinical practice than only detection of BKV. This is in line with previous studies showing the frequent presence of a high BK viral load in HC patients (4, 7, 17, 19) .
During the study period, acute GVHD grades II to IV were more common in HC patients (5 of 6) than in non-HC patients (5 of 25) (P ϭ 0.008) or BKV-positive non-HC patients (3 of 10) (P ϭ 0.014), but there was no correlation between HC and the development of GVHD grades I to IV (P ϭ 0.18). A correlation between HC and more-severe GVHD has been described previously but has not been useful for HC prediction in clinical practice (16, 18) .
Notably, as described elsewhere an overrepresentation (P ϭ 0.028) of men in the HC group, 6 of 6 compared to 12 of 25 in the non-HC group, was observed (3).
Considering the period before and the day of HC onset, the best correlation (P ϭ 0.003) to the development of HC was found by comparing the combined occurrence of Ͼ10 6 BKV copies/l of urine and acute GVHD I to IV in HC patients (4 of 5) and non-HC patients (2 of 25) ( Table 1 ). This is illustrated for a typical HC patient in Fig. 1 . Four of five HC patients had Ͼ10
6 BKV copies/l of urine before HC onset, and three of these also had acute GVHD 5 to 19 days before HC onset, while the fourth HC patient presented GVHD grade II on the day of HC onset. The fifth HC patient, for whom the BKV load could not be determined before the onset of HC, developed acute GVHD grade II 1 week after the onset of HC.
In addition, a predictive correlation to HC development was also obtained when high BKV load (Ͼ10 6 BKV copies/l of urine) was present in combination with acute GVHD I to IV before the onset of HC (P ϭ 0.02) in HC patients (3 of 5), in contrast to non-HC patients (2 of 25). Moreover, the occurrence of BKV independent of viral load with acute GVHD before the onset of HC differed significantly between HC patients (4 of 5) and non-HC patients (5 of 25; P ϭ 0.02). It is possible that anti-GVHD treatment with immunosuppressive drugs allows for BKV reactivation and possibly also a large virus load. The conditioning regimen and the time to engraftment did not affect the occurrence of HC.
To conclude, this pilot study indicates that BKV DNA and particularly Ͼ10
6 BKV copies/l of urine from SCT patients may have some predictive ability for HC. However, the best association to HC was achieved when a viral load of Ͼ10 6 BKV copies/l of urine was present in combination with acute GVHD.
We thank the patients and the staff at the Centre of Allogeneic Stem Cell Transplantation, the Departments of Haematology and Paediatrics, and Bo Nilsson, Radiumhemmet, at the Karolinska for statistical calculations.
The Children's Cancer Foundation, the Swedish Cancer Foundation, the Stockholm Society for Cancer Research, the Stockholm County Council, and the Karolinska Institute are acknowledged for financial support.
